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Detailed investigations of the gynoecium of Otiophora and that of some Spermacoceae (Spermacoce and 
Diodia) were carried out. Ovary characteristics (development; placentation, obturator, ovule structure, 
position and orientation) and also embryological features were found to be remarkably similar. This, together 
with agreements in other character states, led to the conclusion that Otiophora should be placed in the 
Spermacoceae. The previously favoured association of O(iophora with the tribe Hedyotideae is not 
supported. The present investigations show that characters of the gynoecium which had been thought to 
provide major support for the genus's alliance with or inclusion in the Hedyotideae, had been interpreted 
incorrectly. 
Die ginesium van Otiophora en die van sommige Spermacoceae (Spermacoce en Diodia) is in besonderhede 
ondersoek. Vrugbeginselkenmerke (ontwikkeling; plasentasie, obturator, saadknopstruktuur, -posisie en 
-orientasie) asook embriologiese kenmerke was merkwaardig eenders. Tesame met ooreenstemmings in 
ander kenmerke het dit gelei tot die gevolgtrekking dat Otiophora in die Spermacoceae geplaas behoort te 
word. Otiophora se assosiasie met die tribus Hedyotideae wat vroeer voorgestaan is, word nie ondersteun 
nie. Die huidige ondersoeke het getoon dat die ginesiumkenmerke wat voorheen beskou is as die belang-
rikste ondersteuning vir die genus se verwantskap met of insluiting in die Hedyotideae, verkeerd ge-
interpreteer is. 
Keywords: Otiophora, Spermacoce, Diodia, Spermacoceae, Hedyotideae, Rubiaceae, gynoecium, ovary, 
placentation, obturator, ovule, embryology. 
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Introduction 
The question of the correct taxonomic (tribal) position of 
Otiophora Zucco is not fully settled. While it is undisputed 
that the entomogamous genus's original placement in the 
exclusively anemophilous Anthospermeae (cf. Puff 1982) 
cannot be upheld, the suggested placement of Otiophora in 
the tribe Hedyotideae (Puff 1983) was not generally accept-
ed. Verdcourt (1989), for example, preferred to consider 
Otiophora a genus of uncertain position. 
In Puff's (1983) argumentation in favour of Otiophora's 
placement in the Hedyotideae, characters of the gynoecium 
(ovary structure, placentation) played a major role. 
While, at the time of Puff's (1983) publication, relatively 
few detailed comparative data on gynoecium characteristics 
of the Rubiaceae had been available, the situation has now 
drastically changed. A current research project, initiated by 
Puff and concentrating on this very subject, has yielded a 
wealth of new data. Our now much broader knowledge of 
the characters of the gynoecium indicates that certain 
features of the ovary of Otiophora had been misinterpreted 
by Puff (1983). He, therefore, suggested a reinvestigation of 
Otiophora and a comparison of the genus with taxa of the 
Spermacoceae. 
Material and Methods 
The present study is based on the investigation of samples 
fixed in FPA or 70% ethanol of taxa of Otiophora and, for 
comparison, of taxa of Spermacoce L. and Diodia L. 
Illustrations were prepared from the following collections 
(all voucher specimens are deposited in the herbarium of the 
Institute of Botany, University of Vienna, WU): 
Otiophora inyangana N.E.Br. subsp. inyangana: Zim-
babwe, Eastern Highlands, Umtali Distr., Vumba Mts., Puff 
790128-1/4 (Figures 1, 2 and 3B, E); -, -, Stapleford Forest 
Res ., Puff 790127-2/2 (Figures 3A, C - D, F - Hand 4); 
Spermacoce sp.: Cuba, Santiago de Cuba, Daiquiri, Igers-
heim 910529-2/2 (Figures 5A - D); 
Diodia sp.: Cuba, Santiago de Cuba, Sierra Maestro, 
Igersheim 910524-1/1 (Figures 5E - G). 
Methods used agree with those described by Igersheim 
(1993). 
Results 
The ovary and ovule development of Otiophora 
(Figures 1 and 2) 
In very young stages of development of the bicarpellate, 
inferior ovary, it is seen that the two placenta primordia, 
congenitally fused, start elongating and become more or less 
rod-like (Figure lA). At this and also at later stages (Figures 
lA - D), it can always be observed in median longitudinal 
section that there is no direct connection between the apical 
and basal part of the septum [the septum, thus, is not a 
continuous, uniform structure - a situation well documented 
for various other Rubiaceae with uniovulate carpels, e.g. 
Paederia L. (Svoma 1991)] . 
The ovule development starts by the formation of an un-
differentiated dome-shaped protrusion which is found in the 
uppermost part of a placenta on its adaxial side (i.e., 
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pointing away from the septum). Soon, the single subepi-
dermal archesporial cell is seen in the apex of the ovular 
primordium (Figure 10). As the archesporia I cell enlarges, 
the few- (three- to four-) celled future nucellus epidermis 
becomes more prominent in the ovular primordium. Due to 
tangential divisions of cells adjacent to this future nucellus, 
the first developmental stages of the integument are formed 
(Figure IF). 
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It is important to note that even at the earliest stages of 
ovule development, the initial stages of the obturator are 
already observable below it (cf. Figures Ie - F) (for com-
ments on the use of the term 'obturator', see 'Discussion' 
below). 
During further development, the more or less hemi-
anatropous, tenuinucellate and unitegmic ovule attains its 
final shape primarily because of extensive (unequal) growth 
Figure 1 Otioplwra inyangana subsp. inyangana. Ovary, ovule and embryo sac development. A. Very young developmental stage 
showing basally inserted placentas; ovule development has not yet started; note the gap between 'apical' septum and basal part (marked 
by triangles). B. Detail of A. C. Somewhat older stage showing beginning ovule development; note colleter (ct) between base of calyx 
and corolla tube (co; st, stamen). D. Detail of C; note subepidermal archesporial cell (thick arrow) and beginning obturator development 
(thin arrow). E. Developmental stage a little older than C and D (arrows: obturator). F. Detail of E; note nucellus epidermis (arrows) 
around archesporial cell (ac). Note (in A, C, E) that development is somewhat retarded in the left carpel (the carpel with which the 
enlarged calyx lobe is associated; note the thicker ovary wall in C). B, D, F, differential interference contrast. All longitudinal sections 
perpendicular to the septum. Scale bars: 100 ",m (A = E; B = D; C), 10 ",m (P). 
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of the integument which, in a fully developed ovule, is large 
and massive. The integument eventually completely sur-
rounds the nucellar epidermis and forms the long micropylar 
canal (Figure 2A; also cf. Figure 3B). 
As the integument increases in size, divisions also take 
place in the obturator tissue (basically located in the diffuse 
border between placenta and actual ovary, i.e., integument; 
a distinct funicle is absent). In longitudinal sections, the 
obturator eventually becomes prominent below the micro-
pylar end and also at the opposite side of the ovule. Normal-
ly, the obturator is easily recognized by a slightly different 
tissue structure (more loose- and larger-celled parenchyma 
than the actual integument tissue). 
At the same time, the shape of the three to four nucellus 
cells changes to more or less triangular (in longitudinal 
section, cf. Figure 2B; three-dimensionally more or less 
pyramidal to conical). 
The ovule of Otiophora (or, more precisely, the arrange-
Figure 2 Oliophora inyangana subsp. inyangana. A. Obtura-
tor and ovule from young ovary. B. Detail from A; functional 
megaspore (the other three already degenerated) and nucellus cells 
(dotted; only two of the three to four are visible). 
C. Eight-nucleate embryo sac (starch grains not drawn). Scale 
bars: 100 f.Lm (A), 10 f.Lm (B), 50 f.Lm (C). 
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ment of nucellus and archesporial cells) fits Galati's (1991) 
'Mitracarpus type' [modified from Fagerlind's (1937: 
Figure 4) nucellus and integument developmental types in 
the Rubiaceae; see also section 'Comparison with genera of 
the Spermaeoceae' below] . 
Development of the embryo sac of Otiophora (Figures 
1 and 2) 
Change in nucellus cell shape (see above) more or less 
coincides with the period at which the archesporial cell, 
functioning directly as the megaspore (embryo sac) mother 
cell, starts undergoing meiosis. Only one of the four 
resultant megaspores (the chalazal megaspore) is functional 
and enlarges; three megaspores degenerate. The embryo sac 
development thus corresponds to a monosporic and 'normal' 
or 'Polygonum-type'. As the megaspore starts deviding, the 
nucellus epidermis begins to degenerate and is, at later 
developmental stages, no longer detectable. 
The fully developed, eight-nucleate embryo sac (Figure 
2C) is characterized by having two large, more or less 
elongated synergids (in immediate vicinity of the micropylar 
canal), an egg cell, two polar nuclei located near the egg 
apparatus, and the three, more or less equally-sized 
antipodals. 
Otiophora thus has an embryo sac with an antipodal 
arrangement corresponding to Fagerlind's (1937) 'Richard-
sonia type'. 
It is noteworthy that, even before an embryo sac is fully 
differentiated (i.e., eight-nucleate), it contains numerous 
starch grains. This phenomenon has also been observed in 
other rubiaceous taxa [e.g. Fagerlind (1937) or Shivaramiah 
& Dutt (1964): starch grains present even in the uninucleate 
embryo sac or at the four-nucleate stage; Richardia scabra 
(as Richardsonia pilosa; cf. Table 1) and Rondeletia 
amoena, respectively] . 
The ovary, placenta and ovule of Otiophora at and after 
anthesis (Figures 3 and 4) 
As a flower approaches anthesis, the following changes take 
place in the ovary: The obturator, which had been recog-
nizable as a small protrusion already at the earliest develop-
mental stages (especially below the ovular primordium; cf., 
for example, Figures ID - E), becomes even more massive 
and forms a kind of 'spongy cushion' or 'collar' around the 
longitudinal axis of the ovule (Figures 3A - C). It is com-
prised of parenchymatic cells larger than those of the 
compact integument tissue; some of its cells contain dark-
stained tannins. The latter are usually not found in the 
immediate vicinity of the ovule; their distribution appears to 
be random (they are, therefore, not seen in all sections; cf. 
Figures 3A - C). Both serial longitudinal microtome sec-
tions and SEM preparations prove that a large portion of this 
obturator is only in close proximity to the ovule's long axis 
but not fused with it (cf. Figures 3C, D). The sections, 
moreover, clearly show that the lower part of the micropylar 
canal is strongly curved so that the actual micropyle points 
towards the obturator. 
While the tissue structure of the ovule (integument) and 
obturator differ conspicuously, there is a gradual transition 
between obturator and placenta tissue, although the latter 
typically has a more compact appearance and is made up of 
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Table 1 Survey of embryological literature on taxa of the Spermacoceae, 
including data on currently used names and taxonomic uncertainties 
Taxon 
Spermacoce a 
S. tenuior 
Author 
Fagerlind (1937) 
Farooq (1959) 
Comments 
a syn. Borreria 
b as Borreria hispida S. hispidab 
S. stricta (?/ 
S . octodone 
Siddiqui & Siddiqui (1968),C 
Vijaya & Lakshmanan (1980)d 
Andronova (1973) 
C as 'Borreria stricta L.'! 
d as 'B. stricta K. Schum.'! 
e as Octodon setosum 
10 spp. (inc!. S. tenuior)f 
Diodia 
D. teres, D. virginiana 
3 spp. 
Hyrophylax 
H. maritima 
Richardia8 
R. scabra 
Galati (1991) 
Lloyd (1902) 
Galati (1991) 
Ganapathy (1956) 
Lloyd (1902),h 
Fagerlind (1937)h 
(syn. Borreria octodon) 
f 8 spp. as Borreria and 
one as Spermacoceodes 
8 syn. Richardsonia 
h as Richardsonia pilosa2 
R. brasiliensis 
Sundara Rajan et al. (1975) 
Inamuddin & Farooq (1984)/ 
Galati (1991) 
i as 'R. brasiliensis, syn. 
Richardsonia pilosa,2 
Mitracarpus 
M. hirtus, M. megapotanicus Galati (1991) 
Staelia 
S. thymnoides Galati (1991) 
! There are Borreria stricta G.F.W.Mey. and Spermacoce stricta L.f., names referring to different 
species (cf. Verdcourt 1976), but there is no Borreria stricta L. or B. stricta K. Schum.; the true 
identity of the investigated material remains unknown. 
2 Lewis and Oliver (1974) considered Richardsonia (Richardia) pilosa a synonym of Richardia 
scabra, and recognized R. brasiliensis as a separate distinct species in their revision; the true 
identity of the species investigated remains unknown. 
smaller cells (Figures 3A, C). Tannin-containing cells 
appear to be present at the border of obturator and placenta, 
but not in the placental tissue itself. 
At anthesis, the compact, innermost ovary wall layers are 
already very conspicuous (Figures 3A, C). They will de-
velop into the hard, sclerenchymatic endocarp which coats 
the locules in fruiting stage (Figures 3F and 4A). 
With regard to the ovary wall, a peculiarity needs to be 
pointed out: Otiophora is characterized by having unequal 
calyx lobes; one lobe is conspicuously enlarged and folia-
ceous (cf. Figure 4B). That side of the ovary wall above 
which this enlarged calyx lobe is produced, is always much 
thicker than the other and contains a massive vascular 
bundle supplying the lobe (in the sections reproduced in 
Figures lA, IC, 3A and 4A, this carpel is always on the left 
side). Rather frequently, it was observed that the develop-
ment of the carpel with which the enlarged calyx lobe is 
associated, is retarded. This is often observable from the 
youngest stages of development onwards (note the relatively 
smaller placenta and ovule primordia in Figures lA, C, E). 
This carpel tends to stay smaller and, not uncommonly, the 
ovule is aborted (Figures 4A, B). In one species, O. lebruni-
ana, the carpel with the associated enlarged calyx lobe is 
even entirely sterile (cf. Robbrecht & Puff 1981). 
Seed development of Otiophora (Figures 3F - H 
and 4) 
Relevant for the understanding of the shape of the mature 
seed of Otiophora is that exceptionally strong, centrifugal 
growth of the endosperm starts taking place after fertili-
zation. 
Owing to this, the endosperm (and seed) eventually 
extends beyond and grows around the obturator (Figures 3F 
- H, 4A). While the obturator had been larger than the ovule 
before and at anthesis (Figure 3B), the situation is now 
reversed. With regard to the obturator, it needs to be noted 
that from immature fruit stages onward, numerous raphide-
containing idioblasts were observed regularly in its interior 
(Figure 3E); they were not discovered in earlier develop-
mental stages. 
The bulk of the mature seed is made up of endosperm. 
Figure 4A depicts an almost fully mature seed and shows 
the differentiation of the endosperm into an outer and inner 
zone; this is a situation frequently met with in the 
Rubiaceae; cf. Wunderlich (1971). The originally multi-
layered integument degenerates and only the original 
integument epidermis (differing from the other integument 
layers in cell shape and size already at anthesis; often filled 
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Figure 3 Otiophora inyangana subsp. inyangana. A. Ovary at anthesis (note thicker ovary wall on the left side; compare with Figure 
4); note obturator (arrows); ovule sectioned tangentially (embryo sac not visible); dark-stained: cells filled with tannins. B. Ovule and 
obturator removed from ovary (arrows point to micropylar canal). C. Basically as A, but ovule cut at a slightly different angle (part of 
the embryo sac and micropylar canal visible); arrows: obturator. D. Isolated ovule, obturator removed (*; compare with C); the arrow 
points to the micropyle. E. Raphide-containing idioblasts (arrows) and dark-stained (tanniniferous) cells in the obturator; from immature 
fruit, triangles mark border between obturator and developing seed (orientation as in F). F. Immature fruit, locule with developing seed 
(the off-median section only shows endosperm but not the embryo); note obturator tissue (*). G. Immature seed in side view. H. Basal 
portion of seed as in G, turned 90° (adaxial side); note obturator tissue (*) and placenta (triangle). A - C, E, longitudinal sections per-
pendicular to the septum; D, F - H, SEMgraphs; E, differential interference contrast. Scale bars: 100 f.lm (A = C = E; B; D; F = G; H). 
with tannins; cf. Figures 3A - C) remains intact and forms 
the exotesta. 
In the immature state, the seed is already convex on the 
dorsal (abaxial) side, but it appears more or less flat 
ventrally (Figure 3G). Actually, however, the ventral 
(adaxial) side of a seed is hollowed out (Figures 3F and 
4A); it only appears plane because the hollowed-out portion 
is filled out by the persistent remnants of the obturator (and 
part of the placenta; Figure 3H). 
Owing to continued lateral growth of the endosperm, the 
fully mature seed eventually shows a ventral depression 
which, depending on the general seed shape, is more or less 
linear, elliptic, or more or less round. The surface of the 
depressed ventral side of a seed is not made up of actual 
seed tissue but of remnants of the obturator (cf. the previous 
paragraph). In taxa where the ventral depression shows a 
more or less conspicuous longitudinal ridge (cf. Puff 1983: 
Figure 4), the latter is exclusively formed by the original 
obturator (and p.p. placenta) tissue which remains intact to a 
higher degree. 
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Figure 4 Otioplwra inyangana subsp. inyangana. A. Longi-
tudinal section of mature fruit and a seed; note that the endosperm 
has grown around the upper part of the obturator; the ovule in the 
carpel associated with the enlarged calyx lobe is aborted; *. scler-
enchymatic endocarp. B. SEMgraph of mature fruit about to 
break into two mericarps; note that the carpel associated with the 
enlarged calyx lobe is smaller (probably with aborted ovule). 
Scale bars: 1 mm (A; B). 
At full maturity. the fruit splits along the septum to 
release two one-seeded mericarps. Eventually, however, the 
mericarps themselves break open lengthwise (down the 
middle of the septum) to set free the seeds. 
Comparison with genera of the Spermacoceae 
(Figure 5) 
Since data on the embryology and/or ovule development of 
various taxa of the Spermacoceae are available (see Table 
1), it was not attempted to carry out extensive original 
investigations of these aspects. Microtome sections and, in 
part, also SEM studies were only made of more advanced 
developmental stages of two randomly chosen samples, one 
belonging to Spermacoce, the other to Diodia (see further 
below). 
Nucellus and number of archesporial cells in the young 
ovule 
In her investigation of 17 taxa of the Spermacoceae, Galati 
(1991) noted that the archesporium is usually comprised of a 
single, but sometimes of a few (two to three), cells. This 
conforms to earlier reports (see Table 1 for a literature 
survey, and also Table 2). 
The nucellus is most commonly made up of three to four 
cells. 
For Richardia, there are not only systematic uncertainties 
(cf. Table 1) but also discrepancies in the published data. 
While most authors dealing with the genus had recorded 
three to four nucellus cells, Sundara Rajan et al. (1975) 
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reported for R. scabra that the nucellus is a single cell which 
degenerates at the megaspore mother cell stage. (It, how-
ever, seems from their Figure 5 that the supposedly unicellu-
lar nucellus refers to a very young developmental stage; 
they may not have seen slightly older developmental stages, 
in which there is still the megaspore mother cell but a few 
nucellus cells.) 
Nucellus and integument developmental types of Fagerlind 
(1937) 
Both the 'Bouvardia type' and 'Vaillantia type' have been 
recorded as occurring in the Spermacoceae. Both types 
have, for example, been described for Richardia -
lnamuddin and Farooq (1984) recorded the former and 
Fagerlind himself the latter type (for one and the same or for 
different species?; cf. Table 1); the report of the 'Houstonia 
type' in Richardia (Sundara Rajan et al. 1975) is discounted 
as doubtful (see also the previous paragraph). 
Galati (1991) modified these 'ovule types' (as she called 
them; actually nucellus and integument developmental 
types) and introduced the new 'Mitracarpus type' for the 17 
taxa of the Spermacoceae investigated by her. She charac-
terized this new type by the presence of one to three arche-
sporial cells and three triangular (or, three-dimensionally, 
pyramidal) nucellus cells [therefore considered intermediate 
between Fagerlind's (1937) 'Bouvardia' and 'Rubia type'] . 
Already in 1977, Andronova had discussed Fagerlind's 
types and proposed an alternative, modified scheme, by 
which the different 'types' could be derived from each other 
(Galati, apparently unaware of its existence, did not mention 
this publication at all). Although it needs to be noted that 
Andronova's and Galati's schemes differ in some essential 
points, these discrepancies have no direct relevance in the 
current context. Andronova, not having studied taxa of the 
Spermacoceae in any detail, was not aware of the situation 
in that tribe. 
Megagametophytes 
The megagametophytes (or, more precisely, the arrangement 
and sizes of the antipodal cells in the embryo sac) in those 
Spermacoceae for which data are published, are not uni-
form: The three antipodal cells are either of more or less the 
same size [= Fagerlind's (1937) 'Richardsonia type'] or the 
median antipodal cell is much larger (longer) than the other 
two [= Fagerlind's (1937) 'Vaillantia type' (not to be 
confused with Fagerlind's (1937) 'Vaillantia type' referring 
to nucellus and integument development!)] . Of the 17 taxa 
studied by Galati (1991), six belong to the 'Richardsonia 
type' (one species of Diodia, four of Spermacoce, and 
Richardia brasiliensis Gomes), ten to the 'Vaillantia type' 
(two species of Diodia, five of Spermacoce, two of Mitra-
carpus ZUCCo and Staelia thymnoides Cham. & Schlecht.) 
and one (a species of Spermacoce) was found to be inter-
mediate between the two types. 
This heterogeneous situation was already noted by Wun-
derlich (1971). The discovery of different types of antipodal 
cell arrangement within one and the same genus (e.g. Diodia 
and Spermacoce) and the additional presence of an 
intermediate type (Spermacoce), and also Inamuddin and 
Farooq's (1984) comment that in Richardia the antipodal 
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cells are 'variously arranged', suggest that Fagerlind's 
(1937) 'types' hardly reflect systematic alliances. 
The Spermacoce and Diodia species investigated by us 
(Figure 5) exhibit an ovary and ovule structure that is 
essentially very similar or nearly identical to that of other 
taxa of the tribe for which data on the ovaries and ovules are 
437 
published. The two taxa chosen exhibit the two basic situa-
tions that are also encountered in other Spermacoceae: 
(i) The Spermacoce species investigated here (Figures 5A -
D) is one of those species in which the obturator is com-
prised of rather uniform parenchymatic tissue; it alto-
gether lacks the development of specialized cells in the 
vicinity of the micropyle. This is also known from other 
Figure 5 A-D. Spermacoce sp. A. Ovary from young bud (embryo sac not yet fully differentiated); note obturator (arrows) and one 
vascular bundle each entering placenta and obturator. B. Basically as A. but off-median section of obturator and actual ovule. 
C. Somewhat older developmental stage than A; note fully differentiated embryo sac, micropylar canal and ohturator. D. Detail of C; 
triangles mark border between obturator and ovule. E - G. Diodia sp. E. Ovary at anthesis, locule with an ovule showing a conspicu-
ous outgrowth in the chalazal region; arrows mark dark-stained oblUrator cells near the micropylar end of the ovule and on the opposite 
side (pollen. transmitting tissue). F. Malure seed (the partial protrusion of the embryo radicle is artificial, i.e., it occurred during prepara· 
tion); note apical curved part of the endosperm and largc.celled remnants of the obturator (arrows). O. Detail of F, showing raphidc-
containing idioblasts. All longitudinal sections perpendicular to the septum; 0, differential interference contrast. Scale bars: 100 ~m 
(A = B = C = E = G; D), 1 mm (F). 
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Table 2 Comparisons of selected characters of Otiophora, the Spermacoceae and the Hedyotideae (relevant 
references are in the text and are, therefore, not repeated here) 
Character 
Growth form 
Inflorescence po!>i tion 
- shape 
- axes with spirally ar· 
Oliophora 
Dwarf shrubs, subshrubs or 
pcrcrmial herbs 
Temli nal 
Congested, head-like at first, 
elongated in fruit; mostly more 
OT less many-flowered 
ranged paired fl owers Yes 
PoUen Subprolatc La almost spheroidal 
and 3-colporalc 
HClcrostyly 
Carpel number 
Absent 
2 or, someti mes, 1 reduced and 
sterile 
Placentation; ovule number A single more or less herni -
and orientation 
Young ovule : nucellus 
-: archesporial ceUs 
Ovule: nucell us and inte-
gument development 
typc· 
-: embryo sac typeC 
Obturator 
Fruits 
anatropous ovule on placenta 
inserted near base of septum 
3-4-celled 
'Mitracarpus type' 
'Richardsonia type' 
Always present; large, conspicu-
ous 
Dehiscing into 2 mericarps 
Spennacoceae 
Perennial to annual herbs; some-
times sub shrubs or dwarf shrubs 
Terminal or strictl y axillary (partial 
inflorescences paired at nodes) 
Mostly congested; many- to few-
flowered 
No 
Plurizonocolpate or -COlporate; 
someti mes 3-apenurale, rarely 
pantoporale 
Present or absent 
2(-3-4-5-6) 
A single hemianalIopous to more 
or less analropous ovule on 
placenta insened f!ear base or 
at least below middle of septum 
(Several-, 4-) 3-ccllcd 
(Several), 3- 1 
'Milracarpus typc'; 'Bou.vardia 
' type', Vaillanlia type' ('Hous-
tonia typc' ] " 
'Vaillantio 1 ypc', 'Ricfw.rdsorUa 
type' and an intenncdiale type 
Always present; often large, con-
spicuous 
A: mostly dehiscing into 2 meri-
carps; B: occasionally a capsule 
with sepli- and loculicidal dehis-
cencc or a circum scissile capsule; 
C: sometimes also indehiscenl (nuts; 
more or less drupes) 
Dispersal unHs Mcricrup (seed initially remaining A: mericarp (seed initially remain-
Seed number per fruit 
Seed shape and size 
enclosed but laler on released from 
me mcricarp) 
2 or, tess often, 1 (ahonion or 
sterile carpel) 
Large; dorsally convex, ventrally 
with a conspicuous depression or 
groove (the latter someti mcs with 
a median longitudinal ridge) 
Chromosome base num ber x=17 (-18?) (? 9+9-1 or 9+8) 
ing enclosed) or seed (released al 
thc same time as t~e fru it splits 
into mericarps); B: seeds; C: fruits 
2 (-3-4-5-6) 
Large; dorsally convex, ventrally 
with a conspicuous groove (some-
limes 2 grooves separated by a 
median longitudinal ridge) 
x=14 (.x=15, x=16; ? x=20) 
Hedyotideac 
Perennial herbs to annuals; occasionally 
also woody (subshrubs, shrubs (0 small 
trees) 
Frequently tenninaJ, terminal and axillary 
or, occasionally, also strictly axiUary 
Very variable; lax to congested; many to 
few- (l-)flowcred 
No 
3·colporale, sometimes pillricolporaac 
Present and common, but also absent 
2 (- 3-4) 
Ovules (hemi)analr0pous, numerou s (less 
oftcn few to even 1) on variously snaped 
placentas (most commonly pcltalc; inserted 
ca. mid-septum to near base of septum) 
4-2-1-O-cclled 
Several,3-1 
'Bouvardia type', 'OldenJandia type' or 
'Houstont."a typc' 
'Richardsonia type,d 
Absent or very small and inconspicuous 
A: mostly capsules with loculi· and/or 
septicidal dehiscence; B: sometimes 
indenisccnt (nuts; more or less drupes) 
A: seeds; B: fruits 
mostl y numerous; occasionally raIher few, 
or even only 1 
Mostly small and more or less angular, 
sometimes more or less winged; ventral 
groove(s) ncvcr present 
(=6, =7, = 8) =9, = 10, = 11 (x= 13) 
& According to fagerlind (1937); the 'Mi.tracarpus type' was newly introduced by Galati (1991), it is intermediate between Fagerlind's 
'Bouvardia' and 'Rubia type'. 
" Doubtful; see tcxt. 
C According to Fagerlind (1937); based on size, shape and arrangement of antipodal ceUs. 
d Based on data given by Wunderlich (1971) as well as by Shivaramiah (1971), Shivaramiah and Sankara Rao (1977), and Bai and Lakshmanan 
(1984). 
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species of that genus, e.g. S. tenuior L. (Fagerlind 1937: 
Figure 20£). In Mitracarpus, too, any specialized cells 
are absent (cf., for example, Galati 1991: Figure 4A). 
(ii) The investigated Diodia species, in contrast, shows a 
conspicuous, very intensively stained, columnar epi-
dermis of the obturator comprised of much elongated 
cells both in the vicinity of the micropyle but also on the 
opposite side (arrows, Figure SE). This is very similar to 
what, for example, Lloyd (1902: text Figures 8, 9 and 
11, and PI. 13, Figures 1 and 7) depicted for Diodia 
teres Walt., D. virginiana L. and Richardia scabra L. 
As shown by Lloyd, these cells represent the region 
through which the growing pollen tubc passes from the 
septum to the micropyle. 
Such specialized, elongated and, in part, finger-like 
cells are also known from obturators of other Rubiaceae: 
e.g. Leptodermis Wall.: Fagerlind (1937: Figure 20e); 
Crocyllis E. Mey. ex Hook. f.: Puff & Mantell (1982: 
Figures 16 - 19); Paederia: Svoma (1991: Figure 7F); 
Pavetta L.: von Teichman et at. (1982: Figure 6; inten-
sively stained) . 
In the investigated Diodia species (Figure SE), the ovule 
extends above the upper end of the obturator and is strongly 
curved backwards in the chalazal region (in the seed stage 
this curvature is still present: the endosperm growth more or 
less follows the contour of the ovule; cf. Figure 5F). A simi-
lar situation was depicted by Lloyd (1902: PI. 13, Figures 7 
and 8) for Diodia teres. Within Diodia, this is not uniformly 
so: in the second species Lloyd (I.c.) investigated, the 
chalaza I end of the ovule, although extending beyond the 
obturator, is straight (pI. 12, Figures 8 and 9); in Richardia 
scabra (Lloyd 1902: PI. 13, Figure 16) the situation is 
similar. 
While in Oliophora the obturator is always longer than 
the ovule (extending beyond both its micropylar and chalaz-
al end; cr. Figures 3A - C), presently available data on taxa 
of the Spermacoceae suggest that this more often is not the 
case (i.e., in longitudinal section, the ovule is longer than 
the obturator; also cf. Figures SA - E). For Diodia dasy-
cephata Cham. & Schlecht., however, Galati's (1991: 
Figure IA) schematic illustration suggests that the obturator 
is as long as or marginally longer than the ovule. Andro-
nova's (1973: PI. S, Figure 3) drawing of Spermacoce 
octodon (Hepper) Lebrun & Storck shows that the obturator 
extends below the micropylar end of the ovule; according to 
her illustration, the obturator is not developed around the 
chalazal end of the ovule in that species. 
In the investigated Diodia species, the more or less inner-
most obturator layers (i.e., that region of the obturator bor-
dering the seed) was found to contain idioblasts filled with 
raphides in immature to more or less mature seeds (Figure 
SG). As in Oliophora (cf. Figure 3E), they were not 
discovered in earlier developmental stages. Lloyd's (1902) 
Plate 13, Figure 8, depicting a longitudinal section of an 
immature seed of Diodia leres, also seems to show raphide-
containing idioblaslS in the obturator tissue, although they 
are not labelled as such. 
Very much like in Oliophora, the extensive growth of the 
endosperm causes seeds of the Spermacoceae to become 
ventrally grooved or depressed at maturity. 
The shape and detailed arrangement of this ventral seed 
depression or groove vary greatly and may, in some in-
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slances, be species-specific. Spermacoce (,Borreria ') 
provides an example in case: in an unnumbered figure, 
Miege and Assemien (1962) demonstrated the diversity due 
to differences in (local) endosperm growth and shape differ-
ences of the obturator in seven West African species of that 
genus. What they called 'arils' undoubtedly corresponds to 
original obturator portions and perhaps, p.p., parts of the 
placenta. They also documented that these appendages can 
become somewhat fleshy (owing to some postfloral growth 
activity in the obturator tissue?) and may playa role in seed 
dispersal (possibly similar to the elaiosomes of myrme-
cochorous diaspores). They, furthermore, noted that in one 
species studied, such an 'aril' is lacking, but the corre-
sponding illustration seems to indicate that remnants of the 
obturator are present (as compared to the other investigated 
species, only very little obturator growth, or none at all, 
during seed development?). 
In another genus of the Spermacoceae, Hydrophytax L. f., 
the mature seed has two lateral and a prominent median 
longitudinal ridge on the ventral side, so that two parallel 
grooves arc visible. While the bulk of these ridges is made 
up of endosperm tissue, the median ridge has a few addi-
tional loose cell layers on its surface which represent the 
remnants of the obturator and, possibly, also some persistent 
portions of the placenta (puff 1986: Figures 6b,e and 7d-e) . 
DIscussIon 
Ovule outgrowths in the Rubiaceae 
While this paper does not attempt to illltIate a broad 
discussion on terminology, it nevertheless is necessary to 
comment on (a) the terms 'obturator' , 'strophiole' and 'aril-
like appendage' in connection with the ovules of Rubiaceae, 
and (b) why the term 'obturator' is used in the present 
article. 
In her survey of embryological characters of the Rubia-
ceae, Wunderlich (1971) elaborately dealt with this subject. 
She noted that outgrowths associated with ovules (i.e., in the 
indistinct border between placenta and ovule but neverthe-
less - always? - of placental origin), are either found in the 
chalazal region (strophiole s. str.) or in the immediate 
vicinity of the micropyle (micropylar end) of an ovule 
(obturator s. str.), or extending around the entire ovule (i.e., 
in longitudinal section visible both in the chalazal region 
and near the micropyle). An obturator s. str. obviously plays 
a role in guiding the pollen tube to the micropyle (the entire 
obturator, or at least some parts of it, is/arc often comprised 
of tissue similar to identical in structure and staining 
behaviour to pollen-transmitting tissue as found in the style 
and the septum). We have, therefore, adopted this term for 
any structure in the vicinity to the micropylar end of an 
ovule, notwithstanding whether it is strictly confined to the 
region around the micropyle of an ovule or whether it 
extends around the entire ovule (and, therefore, is also 
recognizable around the chalazal end). We prefer this term 
over 'aril' because the latter refers to appendages which are 
formed after fertilization and commonly cover parts of the 
seed. (1n contrast, an obturator is usually formed at very 
early stages of development; e.g. in Oliophora, the initial 
stages of the obturator are already observable below very 
young ovule developmental stages, cf. Figures lC - F.) By 
using 'obturator' as defined above, the awkward term 'aril-
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like' structure can also be avoided. 
When dealing with Pavel/a, von Teichman el 01. (1982) 
also discussed 'aril-like' tissue associated with the ovules of 
rubiaceous taxa and of that genus in particular. They did not 
at all mcntion the term 'obturator' (considered to be 
synonymous with 'strophiole' by Fagerlind 1937), and the 
authors were apparently not aware of Wunderlich's article 
(understandably, because it is not at all obvious from the 
title of her publication that a detailed discussion of embryo-
logical data and other characteristics of the Rubiaceae is 
also given). 
The position of Otiophora (Table 2) 
In spite of various shortcomings in our knowledge of 
rubiaceous ovules (and embryo sac structure), e.g. the 'inde-
pendent' existence of two different schemes illustrating the 
relationships of various 'ovule types' to each other (Galati 
1991 vs . Andronova 1977), the partially contradicting data 
for taxa of the Spermacoceae (the discrepancies with regard 
to Richardia mentioned above), or the probably hardly 
systematieally relevant embryo sac (antipodal cell arrange-
ment) types of Fagerlind (1937), the present investigations 
nevertheless showed that the situation found in Oliophora 
does in no single detail significantly differ from that found 
in taxa of the Spermacoccae. On the contrary, the discovery 
of thc 'Mitracarpus type' ovule in Otiophora, a type 
previously only known from the Spermacoceae (Galati 
1991), is a striking character state agreement. Also, with 
regard to post-fertilization development, there is virtually no 
diffcrence to the Spermacoceae. 
The prescnt findings prove beyond doubt that Puff (1983) 
misintcrpreted thc placentation of Otiophora, and that his 
suggested derivation of the placenta from a peltate, pluri- to 
multiovulate 'Hedyotideae placenta' through reduction in 
ovule number, cannot be upheld. The comparative study of 
different developmental stages of the gynoecium of Olio-
pharo does not provide any supportive evidence for this 
theory. 
Puffs (I.c.) main error was that hc wrongly interpreted 
the large and conspicuous obturator (extending beyond the 
micropylar end of the ovule and also visible around its 
opposite end) as 'remnants ' of a pel tate placenta. 
Since the gynoecium characteristics s.l. (i.e., including 
embryological features) strongly support a transfer of Olio-
phora from the Hedyotideae to the Spermacoceae, the next 
question is: Are there other character states which would 
favour such a transfer? 
In sum, the answer to this question is a limited but not 
unconditional 'yes'. The reason for this not entirely 
satisfactory conclusion is that both tribes Otiophora had 
been associated with (i.e., Hedyotideae and Spermacoceae; 
abbreviated HED and SPE, respectively, in the paragraphs 
below) are rather large and diverse and, consequently, 
exhibit a rather broad spectrum of variation in numerous 
character states. Thus, if compared one by one, a 
considerable number of features overlap, i.e., arc found in 
taxa of either tribe (also cf. Table 2). 
Pollen is a good example which documents such a charac-
ter state overlap: The pollen of Otiophora is subprolate to 
almost spheroidal and 3-colporate (Robbrecht & Puff 1981, 
Figure 6 - 7). This is one of the most common types within 
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the Rubiaceae and is found in many alliances. According to 
Robbrecht (1988), pollen of the SPE is typically plurizono-
colpate or -colporate, but he allowed room for exceptions, 
notably 3-aperturate and pantoporate pollen_ Even within 
individual genera of the SPE, pollen morphology is some-
times not uniform. An example in case is the neotropical 
Psyl/ocarpus, where Kirkbride (1979) discovered two pollen 
types: oblate-spheroidal, 6 - 8-colporate vs. prolate-sphe-
roidal, 5 - 7-colporate grains . Also, the HED are not uni-
form with regard to their pollen morphology: although 3-
colporate grains predominate, there are also a few taxa with 
pluricolporate pollen (Robbrecht 1988). Consequently, 
definite conclusions as to the tribal position of Otiophora 
cannot be drawn from pollen morphology. 
Another ambiguous character is the absence of hetero-
styly in Oliophora. Both in the SPE and RED, heterostyly is 
either present or absent. A screening of the genera currently 
placed in the SPE indicates that heterostyly is more 
frequently absent than present (Robbrecht's 1988 brief 
statement, 'flowers frequently heterostylous', appears to be 
too vague), but the total number of Laxa exhibiting hetero-
styly is still large. In the RED, the situation seems to be 
reversed (heterostyly appears 10 be much more common 
than homo- or isostyly). 
The terminal inflorescence position of Otiophora, too, is 
not of much help. There is agreement regarding both the 
SPE and RED, as in each of the two tribes there are taxa 
with terminal inflorescences (and, in addition, also taxa with 
strictly axillary inflorescences). 
With regard to the evaluation of its tribal alIiance, the 
chromosome number of Otiophora (x ; n ; 17; Puff 
1981a,b) is yet another not fully conclusive character. The 
derivation of this apparently tetraploid number from a base 
number of x; 9 (17 ; 9 + 9 - 1 or 9 + 8; Puff 1983) is theo-
retically plausible and would indicate an alliance to the 
RED, where x ; 9, x ; 10 and x ; 11 arc the most common 
base numbers (Kiehn 1986); there is, however, no RED 
genus known for which x ; 17 has actually been 
documented. The SPE have a predominant base number of x 
; 14, but derivations from this arc also known ex ; IS, x ; 
16, ? x ; 20; Kiehn 1986). Again, no genus of the SPE is 
known to have x; 17. 
See Table 2 for other examples of character state over-
laps. 
In contras~ the fruits, diaspores and seeds of Otiophora 
do provide good support for a placement in the SPE. 
Otiophora has fruits which split into two mericarps. After 
the mericarps have separated and been released, each will 
eventually dehisce longitudinally to set free the seed. The 
very same situation is characteristic for many SPE, e.g. 
Diodia Cfruits with 2 indehiscent cocci'); in Spermacoce, 
the seeds are released immediately, i.e., at the same time as 
the fruits separate into the mericarps, the mericarps 
themselves also split open C fruits with one or both cocci 
dehiscent'). This difference is usually used in keys to 
separate Diodia and Spermacoce; cf., for example, Verd-
court (1976) or Chaw and Peng (1987). Also in agreement 
with Otiophora, the seeds of the SPE have a conspicuous 
ventral groove or depression (see the details on seed devel-
opmentin the 'Results ' section for further explanations). 
In contras~ this fruit and diaspore type is absent in the 
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HED. Most commonly, the fruits arc capsules with relative-
ly small, numerous (to relatively few to even solitary) seeds. 
The latter, very often more or less angular in shape, lack a 
ventral groove. Indehiseent fruits of some HED taxa are 
most probably derived from the basic capsular type, but 
there are apparently no taxa with mericarps as dispersal 
units. 
The general conclusion reached is that in view of the fact 
that (a) certain gynoecium characteristics strongly favour a 
placement in the tribe Spermaeoceae, and (b) any character 
states which would strongly contradict a transfer to that tribe 
are absen~ Oliophora should be placed in the tribe 
Spermacoceae, although various character states are 'indif-
ferent', i.e., would fit either the Hedyotideae or the Sperma-
coceae. 
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